An intensive parasexual genetics program in which industrial strains of Penicilliwn chrysogenum were used culminated in the isolation of a number of heterozygous diploid strains. The diploid clones were selected from heterokaryons formed from matings between mutant strains having complementary biochemical and conidial color markers. Several diploid cultures were compared with their haploid wild-type parents and other distantly related production strains on the basis of a variety of cultural and physiological criteria. The diploid strains characteristically produced conidia of larger volume and higher deoxyribonucleic acid content. Some were vigorous with respect to growth rate and onset and degree of conidiation. One diploid strain (WC-9) had a 46% greater oxygen uptake rate and oxidized glucose at a 57% greater rate than its haploid parent (M-2). It also produced 33% higher concentrations of j8-galactosidase, 66% more alkaline protease, and 53% more glucose oxidase than the M-2 haploid parent. The selection of rare stable diploid mold cultures through the use of parasexual genetics offers a unique approach to the direct selection of mutants with potential for increased enzyme formation.
In addition to the highly successful techniques based on conventional methods of mutation and selection, industrial strain-development laboratories have utilized parasexual genetic techniques for the development of potent, high-producing, industrially important fungi. Although Pontecorvo and Roper (13) and Pontecorvo and Sermonti (14) elucidated the details of this novel genetic process in fungi and indicated its potential for developing improved industrial strains, later investigations by numerous workers were disappointing with respect to its industrial application. Elander (5, 6) reported on an intensive largescale industrial strain development program with Penicilliwn and described a stable heterozygous diploid strain which synthesized high concentrations of phenoxymethyl penicillin. A recent report described the production of benzylpenicillin and phenoxymethylpenicillin by the haploid and diploid strains of P. chrysogenwn described herein [R. P. Elander et al., Genetics of industrial microorganisms (Prague), in press]. This report summarizes certain biochemical properties of representative haploid and diploid production strains of P. chrysogenum.
MATERIALS AND METHODS
Strains. Strains of P. chrysogenum were maintained in lyophilized ampoules to obviate back-mutation and degeneration with respect to pencillin formation. The M designation refers to actual production usage. The production strains are characterized by profuse green (wild-type) conidiation on slant culture and are prototrophic with respect to their nutritional requirements.
Parasexual recombination was observed in heterokaryotic cultures synthesized from complementary auxotrophic mutants derived from the wild-type commercial strains designated M-2 and M-30. The lineage of several mutants and recombinants derived therefrom is summarized in Fig. 1 (M-2) and approximately 45% greater than that of the M-30 haploid production strain. At the completion of the experiments, the broths were examined for residual glucose levels. The diploid strain oxidized considerably more glucose than either of the haploid strains: 1.41 mg/ml versus 0.90 mg/ml and 1.09 mg/ml for the M-2 and M-30 cultures, respectively (Table 3) .
Enzyme studies. Tables 4 and 5 summarize the comparative mycelial amounts of 63-galactosidase, glucose oxidase, and alkaline protease. The diploid strain (WC-9) possessed 33 and 19% more j8-galactosidase activity, respectively, than the two haploid strains M-2 and M-30 (Table 4) . Table 4 summarizes the glucose oxidase data for the three strains. Air-dried ethanol extracts of WC-9 diploid mycelium contained 53 and 24% more glucose oxidase, respectively, than did similar extracts of strains M-2 and M-30. As shown in Table 5 , the alkaline protease activity of the diploid WC-9 strain (8.92 units/mg of protein) was considerably higher than the activity of either of the two haploid strains (60% higher than M-2 and 254% higher than M-30).
DISCUSSION
The discovery of parasexuality in asexual molds by Pontecorvo and Roper in 1952 provided a means for planned breeding which resulted in the synthesis of vigorous diploid strains with increased capacity to synthesize economically important fermentation products. The technique consists of combining two strains with particularly interesting properties to form a diploid with more desirable properties. For enhanced penicillin production, notable desirable properties include more rapid, early synthesis of secondary metabolites generating penicillin, more abundant conidiation to facilitate long-term preservation, more efficient sugar and precursor utilization, greater synthesis of 6-aminopenicillanic acid, and low levels of penicillin acylase.
The studies described herein on the conidial volume and DNA content of various haploid and diploid strains of Penicillium clearly indicate that strains R-10, R-18, and WC-9 possess higher ploidy levels than their respective wild-type and related auxotrophic parents. The data also point out that considerable variation in spore size and DNA content may occur when major mutants are utilized for genetic recombination studies. It appears that both conidial volume and DNA content should be correlated for proper ploidy determination. The present study also suggests that the diploid strains should be compared with the immediate parents in the lineage rather than with distantly related great-grandparent strains. In the present study, two wild-type strains of differing lineage were utilized. Although the strains have common ancestry in the Wisconsin series, there is considerable variation in conidial size and DNA content ( 
